Introduction {#sec1-1}
============

According to the International Diabetes Federation and the World Health Organization, Diabetes is recognised as a significant and growing health problem \[[@ref1]\]. The global prevalence of diabetes among adults over 18 years of age has risen from 4.7% in 1980 to 8.5% in 2014. In 2013, 382 million adults were diagnosed with diabetes worldwide. This number is expected to grow to 592 million in 2035 \[[@ref2]\]. In the MENA region (the Middle East & North Africa), about 40 million have diabetes (18-99 years) which is expected to be 84 million in 2045 \[[@ref3]\]. Egypt is among the world top 10 countries with diabetes prevalence (15.6%). Furthermore, reports indicate that further 4.5 million patients are undiagnosed \[[@ref2]\], \[[@ref3]\]. In Egypt, annual cost analysis estimated that the economic burden of type 2 diabetes was \$1.29 billion in 2010. This number excluded the cost associated with prediabetes and the cost associated with loss of productivity. This figure will be doubled by the year 2030 adjusted for inflation \[[@ref4]\]. Type 2 diabetes is the result of excess body weight and physical inactivity. Patients with type 2 diabetes constitute around 90%-95% of all diabetic patients worldwide which represent a growing epidemic \[[@ref5]\].

Symptoms include polyuria (excessive excretion of urine), thirst (polydipsia), constant hunger, weight loss, vision changes and fatigue \[[@ref5]\].

Diabetes is a major cause of many complications including; blindness, kidney failure, heart attacks, stroke and lower limb amputation. In 2012, an estimated 1.5 million deaths were directly caused by diabetes, and another 2.2 million deaths were attributable to high blood glucose. People with diabetes are at increased risk of macrovascular and microvascular complications, as well as early mortality. For instance, patients with diabetes are 2 to 4 times more likely to have fatal or nonfatal coronary events or a stroke. Almost 70%-80% of patients with T2D die from 1 of these two conditions. Almost half of all deaths attributable to high blood glucose occur before the age of 70 years. WHO projects that diabetes will be the 7th leading cause of death in 2030 \[[@ref2]\]. Diabetes is a chronic disease that requires the patient to make a multitude of daily self-management decisions and perform complex care activities. Diabetes self-management education and support help people with diabetes to navigate these decisions and activities and has been shown to improve health outcomes and prevent complications. Diabetes self-management education is the process of facilitating the knowledge, skill, and ability necessary for diabetes self-care \[[@ref6]\]. Different members of the health care team and community can contribute to this process, it is important for health care providers to have the knowledge, resources, and a systematic referral process to ensure that patients with type 2 diabetes consistently receive their care \[[@ref6]\]. In Egypt, although patient education is part of the Ministry of Health (MOH) hospital accreditation scheme, it is not widely implemented or unsatisfactory implemented via brief, uninformative discussions. Moreover, diabetic patients often have difficulty in following healthy lifestyles due to many barriers such as irregular working hours, food cravings, or lack of motivation to exercise. Studies revealed that diabetic patients are also prone to forget their doctor's advice or possibly ignore it after leaving the clinic. \[[@ref7]\]. Easy, understandable, cultural-modified health education messages should be available to the Egyptian patients in good quality to promote their health outcome, prevent complications and counteract any barriers of lifestyle modification.

The objective of this study is to examine the effect of lifestyle modification educational sessions in helping Egyptian patients to overcome main barriers of diabetes self-management through improving nutritional behaviours, physical activity, medication compliance, and blood glucose monitoring.

Study design: A cohort study of Egyptian diabetic patients. Their lifestyle behaviours and barriers were assessed with both anthropometric and blood glucose assessment.

Inclusion criteria: Patients were enrolled if they were adults over 18 years and have type 2 diabetes, belonging to the low socioeconomic village under the study.

Exclusion criteria: Patients were excluded if they are taking insulin or had severe complications.

Study setting: Patients were recruited from low socioeconomic Egyptian village from January 2017 until September 2018.

Sample Size Calculations {#sec2-1}
------------------------

Using OpenEpi version 3 \[[@ref8]\], two hundred and five adult (18-70 years) diabetic patients with an average age 52.6 years were randomly selected to achieve 95% confidence interval and 5% error with the following equation:
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N: Population size

p: prevalence in the population

d: Confidence limits

Taking into consideration that the total adult population is 5000. The prevalence of diabetes is 15.6% with a 5% drop out. The study was started including a total of 205 patients, but there were 8 patients' dropouts along the intervention period and follow up to be 197 patients at the end of the study.

Methods {#sec1-2}
=======

Socio-demographic assessment: Updated validated a socioeconomic status scale for health research in Egypt \[[@ref9]\] was used to assess age, sex, educational level, occupation for matching the socioeconomic data.

Assessment of nutritional behaviours, physical activity, proper medication use and level of blood glucose monitoring: Standard personal diabetes questionnaire of Louisville University with the standard scoring system \[[@ref10]\] to assess three main parts including; the level of proper medication use and level of blood glucose monitoring.

Assessment of glycated haemoglobin and anthropometric measures were used to assess the effect of lifestyle education on the participants' health.

\- Laboratory tools to measure the blood glucose of the participants.

\- Anthropometric tools: Calibrated SECA digital scale, HOLTEN stadiometer, a stretch-resistant tape was used to measure weight, height, waist and hip circumference.

Different motivational health education tools were used in this study, and the health education messages were delivered through multiple integrated techniques:

\- Appropriate and culturally sensitive educational sessions.

\- Written educational materials (diet plans, healthy nutrition booklet).

\- Individualised health education sessions to every patient with patient-doctor consultation. Patients' family and friends were invited to attend these sessions. Problem-solving techniques were taught to help patients to solve their problems with lifestyle modification.

\- Peer education: patients who perfectly followed a healthy lifestyle were invited to teach other patients in a simple, easy way.

\- Group therapy: patients were encouraged to make small teamwork groups, walk together, ensure medication compliance of each other, and psychologically support each other.

\- Community committee involvement in the health education sessions ensures the sustainability of the study.

Health education site: The health education was done in an equipped room with a data show, a microphone, and a sound magnification system.

Health education schedule: The patients were divided into groups. Each group received 48 sessions (one session per week for one year). Each patient selected a regular appointment for an individualised educational session.

Health education topics include the following items:

Contents were adapted from the American Diabetes Association recommendations \[[@ref11]\].

Educational materials were translated, simplified, modified to adapt the Egyptian diabetic patients' culture and economic status. Health education materials were then finally reviewed and then pretested for easiness, clarity, and applicability. The main items for health education included:

\- Diabetes: Definition, symptoms, types, causes, complications, and lines of treatment.

\- Healthy nutrition for diabetics: The importance of diet regulation in ameliorating symptoms, and preventing complications: including healthy eating principles, and how to put it into practice recommended quantity, quality, and frequency of meals. Diet was prescribed based upon energy requirements, physical activity, and type of anti-hyperglycemic medication.

\- Medication compliance: Patients were motivated to take their medication as prescribed regularly by a specialist doctor in diabetes as a part of their self-management strategy. The messages discussed the most common types of oral hypoglycemic drugs, their action in diabetes, their side effects, how to overcome these side effects.

\- Blood glucose monitoring: including the importance of blood glucose monitoring compliance, types of blood glucose tests, and target levels.

\- Physical activity as a part of treatment: benefits, how much, and what sort of exercise should be incorporated, and maintained. A minimum level of regular walking for 30 minutes at least five days a week was advised.

\- Psychological support: how to deal with stress, and anxiety, problem-solving techniques.

\- Barriers of lifestyle modification: what are the main barriers of the participants, available solutions to overcome them, how to select the most suitable solution to each patient according to his surroundings.

\- Hypoglycemia, Hyperglycemia, Diabetic ketoacidosis: Causes, symptoms, and proper management.

\- General health care: for the long-term complications of diabetes on health.

\- Foot care: the importance of foot care, and tips to avoid diabetic foot.

\- Kidney care: how to avoid diabetic nephropathy, and the importance of urine testing for microalbuminuria once a year.

\- Eye care: Frequency of recommended fundus examination.

Health education package was divided so that the patient received one package each visit. The next visit included reinforcement of the previous health education package in addition to the provision of the new package. Reinforcement was performed in the form of questions to assure retention of knowledge each visit. Questions on the new health education package were also asked as a method of the baseline assessment for the patient's knowledge about the new information covered by the next package. The following visits also covered the same questions to assess retention of knowledge, and to detect changes in attitude and practice.

Data analysis {#sec2-2}
-------------

After data cleaning, the statistical package of social sciences (SPSS-18) was used for data processing \[[@ref12]\]. Descriptive statistics were done for data summarisation in the form of frequency, and percentage for qualitative variables, and means ± SD for quantitative variables. Scoring of the patients' answers was done by using standard scoring of Louisville personal diabetes questionnaire scoring \[[@ref10]\]. Inferential statistics were done for comparing the participant groups using Mcnemar test for qualitative variables and paired t-test for parametric quantitative data. With p-value \< 0.05 considered significant, and p-value \< 0.01 considered highly significant.

*Ethical consideration:* Informed consents were obtained from all participants. Approval of the research protocol was taken from the ethical committee of the National Research Centre. The research was conducted according to the World Medical Association Declaration of Helsinki \[[@ref13]\].

*Ethical approval:* The Research and Ethical Committee of NRC cleared the study protocol. The number of ethical approvals was 16466

*Informed consent:* It was obtained from the parents enrolled in the study Confidentiality: Mothers and children were identified by a serial number, and the information at the individual level was kept strictly confidential.

Results {#sec1-3}
=======

The present study showed that the socio-demographic characteristics of the study population were as follows: The mean age of the study participants was 52.6 years old. About 46.7% of them were men, and 53.2% were women. The majority of the participants were married (80.2%) ([Table 1](#T1){ref-type="table"}).

###### 

Sociodemographic characteristics of the study participants

  Character                                              Mean        SD
  ------------------------------------------------------ ----------- -------------
  Age                                                    52.61       10.63
  Crowdness Index[\*](#t1f1){ref-type="table-fn"}        1.44        0.75
  Sex                                                    Frequency   Percent (%)
   Male                                                  92          46.71
   Female                                                105         53.29
   Total                                                 197         100
  Marital status                                                     
   Single                                                2           1.01
   Married                                               158         80.22
   Widow                                                 32          16.24
   Divorced                                              5           2.53
   Total                                                 197         100.0
  Education                                                          
   Illiterate                                            80          40.63
   Read & write                                          25          12.69
   Primary                                               17          8.62
   Preparatory                                           16          8.12
   Secondary                                             34          17.25
   University                                            25          12.69
   Total                                                 197         100.0
  Occupation                                                         
   Doesn't work                                          100         50.76
   Unskilled manual worker                               15          7.63
   Skilled manual worker/farmer                          30          15.22
   Have trades/ business                                 8           4.06
   Semi-professional/ clerk                              25          12.69
   Professional                                          19          9.64
   Total                                                 197         100.0
  Economic status                                                    
   Doesn't meet necessary expenses (in debt)             67          34.03
   Only meet necessary expenses                          114         57.86
   Meet necessary expenses &emergencies                  13          6.59
   Meet necessary expenses &able to save/ invest money   3           1.52
   Total                                                 197         100.0

Crowdedness index: number of individuals living in the house divided by the number of rooms.

There was an overall significant improvement in medication compliance among the study participants (P \< 0.001) with a mean pre-education score (2.1 ± 1.5) versus post-education mean score (5 ± 0.15). More than 90% of the study participants seek the doctor for only medication prescription and not for health education.

There was an overall significant reduction in barriers of medication non-compliance (\< 0.001) with a percent change (43%) in post-education assessment compared to pre-education assessment ([Figure 1](#F1){ref-type="fig"}). The reduction included absence of family support (percent change 57.8%), expensive drugs (11.5%), feeling anxious or stressed (70.8%), being busy (47.5%), feeling discouraged due to lack of results (61.8%), being away from home (25.8%), with the least barrier in reduction was unpleasant side effects with only 1.4% percent change.

![Comparison of pre-intervention and post-intervention score of barriers to medication compliance among the participants](OAMJMS-7-2886-g002){#F1}

There was a major significant improvement in blood glucose monitoring (p \< 0.001). There was an overall significant reduction in barriers of blood glucose monitoring (\< 0.001) with a percent change (44%) in post-education assessment compared to pre-education assessment ([Figure 2](#F2){ref-type="fig"}). The reduction includes absence of family support (percent change 67.5%), expensive drugs (15.6%), feeling anxious or stressed (71.7%), being busy (38.2%), feeling discouraged due to lack of results (46.2%), with the least two barriers in reduction were painful test (23.8%), and expensive test with only 15.6% percent change.

![Comparison between pre-education and post-education score of barriers of blood glucose monitoring among the participants](OAMJMS-7-2886-g003){#F2}

There was an overall statistically significant improvement in the healthy nutritional behaviours' score (P \< 0.001) in post-education assessment compared to pre-education assessment. The behaviour improvement included: increase using information about calories, carbohydrates, fat, using a diet plan, and resist the temptation to eat unhealthy food.

There was an overall statistically significant reduction in barriers of healthy nutritional behaviours' score (P \< 0.001) in post-education assessment compared to pre-education assessment ([Figure 3](#F3){ref-type="fig"}).

![Comparison of pre-education and post-education score of barriers of healthy nutritional behaviours among the participants](OAMJMS-7-2886-g004){#F3}

There was a statistically significant increase in walking and bicycling among the participants ([Table 2](#T2){ref-type="table"}).

###### 

Comparison between pre-education and post-education physical activities among the participants

  Activity                       Pre-education   Post education   P                             
  ------------------------------ --------------- ---------------- -------------- -------------- ----------
  Walking                        103 (52.28%)    94 (47.72%)      190 (96.44%)   7 (3.56%)      \< 0.001
  Bicycling                      5 (2.53%)       192 (97.46%)     20 (10.15%)    177 (89.84)    \< 0.01
  Going to youth sports center   9 (4.88%)       188 (95.12%)     17 (8.62%)     180 (91.37%)   0.17

There was an overall statistically significant reduction in barriers to physical activity ([Figure 4](#F4){ref-type="fig"}).

![Comparison of Pre education and Post education Score of Physical Activity Barriers among the Study Participants](OAMJMS-7-2886-g005){#F4}

There was a statistically significant improvement after the lifestyle educational education; the improvement included glycated haemoglobin (HBA1C) of the patients, weight, waist, hip circumference, Waist/Hip Ratio, and BMI of the patients ([Table 3](#T3){ref-type="table"}).

###### 

Comparison between pre-education and post-education indicators (anthropometric measures and HBA1C) among the participants

  Variable              Pre education   Post education   P        Percent change (%)              
  --------------------- --------------- ---------------- -------- -------------------- ---------- -------
  HBA1C                 11.33           2.02             8.45     2.46                 \< 0.001   25.04
  Weight                94.28           14.87            79.23    17.38                \< 0.001   13.82
  Waist circumference   115.58          12.59            103.26   21.05                \< 0.001   9.03
  Hip circumference     118.56          13.96            102.30   21.58                \< 0.001   12.05
  Waist/Hip ratio       1.02            0.19             0.97     0.07                 \< 0.001   5.49
  BMI                   35.13           6.69             30.35    7.32                 \< 0.001   11.44

There was a statistically significant positive correlation between improvement of medication compliance, actual blood glucose monitoring, and glycated haemoglobin of the study participants ([Table 4](#T4){ref-type="table"}).

###### 

Correlation between improvement percent of the studied behaviours and HBA1C improvement percent among the Study Participants

            Healthy nutritional behaviours   Medication compliance   blood glucose monitoring   Physical activity   
  --------- -------------------------------- ----------------------- -------------------------- ------------------- -------
  HBA1C     Correlation coefficient          0.155                   0.158                      0.143               0.537
  P value   0.030                            0.027                   0.045                      \< 0.001            

NB: Improvement percent of HBA1C means reduction in its estimated level from basal assessment

Discussion {#sec1-4}
==========

Shared care defined as care for patients with a chronic condition provided in cooperation between primary and secondary healthcare has been promoted and developed to reduce complications \[[@ref14]\]. It was found that 70% of diabetic patients spend 15 minutes or less with their health care providers and more than 90% of office visits of diabetic patients are delivered by health care providers without special training in diabetes management \[[@ref15]\].

Research showed that patient-doctor communication is essential for patient compliance and satisfaction with care \[[@ref16]\]. In the current study; however, the role of the village physicians in modifying patient's lifestyle was deficient; their role in prescribing the diabetes medication made the majority of the current study participants seek the doctor for medication prescription which made them feel secure.

Proper compliance to medication refers to the degree or extent of conformity to the recommendations about day-to-day treatment by the provider concerning the timing, dosage, and frequency \[[@ref17]\]. There was a significant improvement in medication compliance which is consistent with Ward study \[[@ref18]\].

The barriers are defined as the perception of individuals toward the levels of how challenging is the diverse obstacles to the accomplishment of specific behaviour \[[@ref19]\]. To manage diabetes effectively, individuals must utilise knowledge and decision-making skills in the context of barriers \[[@ref20]\]. There was an overall significant reduction in barriers of medication compliance which is consistent with an American study aimed to assess the impact of medication adherence on diabetes control in Type 2 diabetic patients with the results showed significant improvement among the education group \[[@ref21]\].

The barriers in the current study were more prominent than Cheng study which done among type 2 diabetic Chinese patients \[[@ref22]\]. This difference may be due to lower accessibility to qualified health care service in the current study, unavailability of a diabetes monitoring program which emphasises on the importance of medication compliance and the fact that many of the study participants had no health insurance coverage.

In the current study, the best barrier in overcoming was anxiety with a significant reduction in medication noncompliance due to anxiety or stress which reflected the good effect of the psychological support delivered to the participants through problem-solving and group therapy sessions. The least barrier in overcoming was drugs' side effects due to the resistance of the participants to change their medication or add some drugs to reduce the side effects.

The main obstacle to blood glucose monitoring in Egypt is the relatively poor structure and the process of care in government hospitals and primary health care units, as measurement of glycated haemoglobin, blood glucose level, and microalbuminuria is not performed routinely for all patients \[[@ref23]\]. Incorporating these processes into the health system and training health care providers in the areas of information, education, and communication should be a vital cornerstone in the control of diabetes in Egypt \[[@ref24]\].

In the current study, there was a major significant improvement in blood glucose monitoring after lifestyle educational sessions. This was similar to the results of a Korean study which was conducted to test the effects of diabetic education on blood glucose control among type 2 diabetic patients. The results indicated that patient education improved blood glucose monitoring \[[@ref25]\].

As indicated by the prominent theories and extensive reviews, the perceived barriers are the strongest predictors of health behaviours \[[@ref26]\], \[[@ref27]\], \[[@ref28]\]. Situational barriers, which arise from one's situation in life, can directly or indirectly impede self-management activities \[[@ref29]\].

The current study showed that there was an overall significant reduction in barriers of blood glucose monitoring in post-education assessment compared to pre-education assessment. The reduction included barriers such as the absence of family support, expensive drugs, feeling anxious or stressed, being busy, feeling discouraged due to lack of results, painful test and the least barrier in overcoming was the expensive cost of the test.

The results showed higher barriers in the current study than the Cheng study. This difference may be due to the bad socioeconomic status in the current study compared to the participants in Cheng study; they had no extra money to test their blood glucose, they considered it as a luxury among their difficult socioeconomic status.

Regarding the healthy nutritional behaviours such as using information about calories, carbohydrates and fat, there was a statistically significant improvement in mean total post-education score of the healthy nutritional behaviours. The results of the current study showed that the mean total pre-education score was slightly lower than Cheng study which showed that mean total score \[[@ref19]\]. This difference may be because the food labels which enables the patients to know information about the food ingredients are uncommon in Egypt especially in the village under study.

Following a healthy diet plan help the patient to manage their diabetes, Ward study assessed the mean score of using a diet plan among the participants after health education sessions \[[@ref18]\]. Its score is slightly lower than the score in the current study, which may be due to the condensed multiple integrated nutritional education in this study which provided a healthy diet plan to each participant \[[@ref30]\].

With the help of the educational sessions in the current study, the nutritional barriers showed an overall reduction which is consistent with an English study aimed to assess the impact of the nutritional education on diabetes control \[[@ref31]\].

There was an overall statistically significant improvement in physical activities as walking and bicycling, which is consistent with an Iranian study showed statistically significant improvement of glycemic control among the education group after lifestyle education \[[@ref32]\].

There was no statistically significant improvement in going to the sports centre as the rural culture of the current study participants made it a shame for women and older men to go to the youth sports centre.

The results showed higher barriers in the current study than Cheng study \[[@ref19]\]. This difference may be due to the lower degree of education among the current study participants as many of the participants are illiterate who had little idea about the importance of physical activity for control of diabetes.

In the current study, the hardest barrier to overcome was the pain and discomfort associated with physical exercise. This may be due to unavailability of qualified trainers to teach the diabetic patients how to exercise safely, and due to the presence of co-morbidities in diabetic patients which made exercise painful such as early-onset osteoarthritis of the knee, and peripheral neuropathy.

According to the WHO, nearly 70% of adults in Egypt are overweight or obese \[[@ref33]\], which is consistent with the current study. There was a statistically significant reduction in the weight and the BMI of the participants after the health education sessions. This improvement may be because health education was afforded to the patients with different ways which make the nutritional information easy and understandable to all the participants.

The health education tools included group sessions, doctor-patient consultation, and written materials. The results of the current study are consistent with the Look ahead study, which proved that intensive lifestyle education for one year resulted in a statistically significant reduction in weight after health education \[[@ref34]\].

Glycated haemoglobin (HBA1C) is an indicator that reflects the average plasma glucose level over the past 2 to 3 months. The HBA1C test is relatively stable and has less variability \[[@ref35]\]. There was a statistically significant reduction in the post-education measurement than the pre-education assessment which is similar to the results found in an education study carried out on 122 diabetic patients attending diabetes outpatient clinic in Zagazig university, with a statistically significant improvement was found in their levels of glycated hemoglobin (HBA1C) after application of educational messages \[[@ref36]\].

In the current study, there was a statistically significant positive correlation (P = 0.03) between improvement of HBA1C (reduction) and improvement of healthy nutritional behaviours. This is consistent with an Australian cohort study which stated that greater healthful food intake reduces HbA1C concentration \[[@ref37]\]. This may be because of the effect of nutritional education supporting high fibre low glycemic diet in decreasing glycated haemoglobin and decreasing degree of obesity.

In the current study, there was a statistically significant positive correlation between improvement percent of HBA1C and improvement of medication compliance. This result is consistent with a cross-sectional study conducted in three Malaysian public health clinics, which reported that medication adherence was associated with an improved level of HbA1C \[[@ref38]\]. This may be because medication compliance allows the diabetic patient to benefit from its active substances.

The results of the current study are consistent with the Diamond study, which revealed that continuous blood glucose monitoring effectively lowers glycated haemoglobin (HbA1C) in diabetic patients \[[@ref39]\]. In the current study, there was a significant positive correlation between blood glucose monitoring and HBA1C which may be due to the alarming effect of health education about continuous blood glucose monitoring which results in more glycemic control.

There was also consistency in the current study with the results of a systematic review study which revealed the effectiveness of physical activity in reducing HbA1c levels \[[@ref40]\]. This may be due to the effect of physical activity in reducing insulin resistance.

In the current study, the maximum impact of lifestyle modification education on the glycated haemoglobin was due to the improvement of physical activities, followed by medication compliance, healthy nutritional behaviours then blood glucose monitoring. These results may be due to that physical activity is the most cost-effective lifestyle modification with no specific time, place, or cost. Meanwhile, the other lifestyle modifications need a multifactorial approach to change them.

For example, nutritional modification needs an available budget to buy healthy food, available market, and accessibility to that market. Medication compliance needs the availability of medication cost, accessibility of drugs, and a good memory to remember the time of administration. Blood glucose monitoring also needs accessibility, availability of the test and its kits which is to some extent difficult in the village.

In conclusion, lifestyle education of type 2 diabetes patients counteract the barriers against following healthy nutrition, regular physical activity, medication compliance, and blood glucose monitoring behaviours which appear in the post-education assessment. It is also beneficial in improving their health status, blood glucose level, and body mass index. Health education should be an integral part of diabetes management and should be included in the Standards of Practice (SOP) of diabetes care to be implemented at all levels of health care in Egypt.
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